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ARV

[IEPIEXOMENO AIAAEEZEEQN

e [Ielpapatikn MéBodog

e Métpnon kat [lelpapatikny ABeBatdotta (Z@aiua)

e TUTOL ZPAAUATWV: ZTATIOTIKO & ZVOTNUATIKO ZQAANX

e Alddoom ZPaApdtwyv

e ZUYKplon Oewpiag & MMelpdpatoc: [Ipooappoyn Oewpntikns Kapumding (Fit)

e Ixedlaonog kat [Ipoetopacia Ielpdpatog
e Ale€aywyn Metprjocewv
e [lapovoiaomn AmoteAeopdtwy

Awadkaoties kat Kavoviopol tov Epyaoctmpiov Puvoiknig
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NEAEFANVIE

[IEPI METPHXZEQN

H ®vowkn elval Telpapatikny ETOTUN.

e H yvwon pag ylo Tov uoitko KOo o TtpoEpxXeTal (OTTwS Kol Y KaOe
ETLOTI|UN) ATTO TTAPATIPT)OT) 1) ATIO TIE(PAULAL.

e ATtoppimtoupe 1] S1EVPUVVOVUE TO EPUNVEVTIKO pag TAalolo (Bewpla 1)
TPOTUTO / LOVTEAO WOTE VA CLUVASEL UE TA TIEPAUATIKAE Sedopeva)

Mapatipnon: H kataypoaen pueyedwv mov a@opov @ovopeva un
eAeyyxoueva kat ouvn0wc un emovaAnPpo (A.x. pio €kpnén Supernova,
KATIOLOG GELGUOG).

Metpapa: H kataypa@r) peyebwv mov a@opov @atvopueva eEAEYXOpeEVa Kot

ertavoAPua (T, 1 HETPNON TS BEPUIKNGS AYWYILOTITAG KATIOLOU VALKOV, 1)
OKESAOT CWUATIWV ATIO KATIOLO TTVPNVA ...)
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IEAEAWVIAYHKESIVIE© OAOAOIHL
SYTKPIZH ©EQPIAY KAI MEIPAMATOX

[MoTe kau pe ol BefartdTnTa PTTOPOVIE VA LOXVPLGTOVUE OTL
KATIOL0 TTELPAUATIKO ATIOTEAETO aTtopPLTITEL 1) ETTREPALWVEL
Kamola Oewpntik) TpofAeym;

Oewpntikn lpoPAeym: [coSVvapo pe GUYKEKPLUEVN
TPOTAOT 1) APLOUNTIKO ATIOTEAECUA TIOV UTTOPEL OUWS VX
ATTOPPLPOEL TTELPAUATIKA.

[Mepapatiko amotéAeopa: [ocodUvapo pe AmOTEAECHQ
nétpnone. Mavta yapaktpiletal amd kamola afefatotnta
(cpaiua).
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OEQPHTIKEX [TPOBAEWEIX

Oewpntkn [MpoPAeyn: IoodVvapo pe cuykekpLuEVn TpoTaon N
aAPLOUNTIKO ATIOTEAEGUA TTOV UTTOPEL VO ATTOPPLPOEL TTIELPXUATIKAL.

[MAPAAEITMATA
e To nAekTpovio ival otaBepo (0TO XPOVO) CWUATLO.

e To TpwTOVIO £xeL Xpovo nuilwne 4 x 1034 £m.

—»‘ Mm

e Jwpata palwv M kat m éAxovrtal pe Suvoaun: ‘F =G R?
e H tepiodog (T) ovomiuatog edatnpiov (K) kot palas m eivad:

T =27 %

e H axctiva tov uprva tov podufsov sivat: R=5.82x10""m
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INSEANEANVIE

[IEIPAMATIKO AIIOTEAEXMA

Mepapatiko anoteAeopo: [ocodvvauo pe amotéAsopa petpnong. Mavra
xopaktnpifetal amo kamoia afefordtnta (oQaApna).

[TAPAAEITMATA

e To TpwTOVLO £xEL xpOVvOo NUlWNS PEYXAVTEPO aTtd: 4.6 X 1033 £t (90% CL*)

e H axtiva tov mupriva tov poAvBéov eivar: R =(5.4989 + 0.0007) x 10 "m
Oewpntwc) MpoPAsyn R =5.82x10"m

*Confidence Level = emtimedo gumiotoovvng
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ISRV

METPHZEIZ

ATIAITHZEIZ (KAaow ®uoiki)
o ATIOTEAEOUA AVEEAPTNTO TWV OPYAVWV PETPTONG
e ATToTéAgopa AVEEAPTNTO TOV TIAPATNPT T

e Na vdpyel emovoAnPipotnta

[apdyovteg ov emmpealovv
e [TepfdAAov KoL GUVONKES PETPTIONG
e Opyava Métpnong: Axpifela kat BaBpovopunon
Emavepxopevol ato mponyovpevo epwtnpa: lMwg kat pe mowa Befardtnta
LTTOPOUE ATIO TA TEPANATIKG dedopéva va etifefatwaoovpie 1) va

amoppiPovue pa Bewpntikny TpofAeYm;
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ISRV

METPHXEIX

MMepapatiko amotédeopa: loodVvVaUO pe ATTOTEAEGHA HETPTONG.
MMavrta yapaxtnpiletar amo kamowa afefarotta 1) c@aApa.

(twn) % (c@dApa / afeBarotta)
‘H axopn xaAvtepa

(Tyn) % (oTaToTKO CEAApNQ) £ (CLOTNHATIKO CEAANQ)

[TAPAAEII'MATA
H pdla tov nAektpoviov eivat:

(0.51099906+0.00000015)MeV

H maykéopia otabepa Bapvtntag eivat:

G=(6.673+£0.011)x10"" m’kg's™

© E. Stiliaris - UoA 2023 -10 -



ENEAVIAYRETSVIEOOAONOT A
OPI'ANA METPHXHX KAI AIXOHTHPEX

Akpifera
XapaKTnpLoTiko ToV 0pYAVOL KoL TNG TEXVOAoYiag atnv oTtola BaailsTal.

BaOpovounon
Mag odnyet oV avdykn avaywyns TwV HETPTCEWV PAS GE GUYKPLOT) UE
KAmolw yvwoTtd (Ttpétuma) neyEon.

Kataypaen
* Tlapadooiaxd (o0 avOpwTOG carv OPYAVO KATAYPA@TS).

* AmevBeiag oe nAekTpoviko vtoAoyloty). ToTe Ta Opyava pETpnong
ATIOKAAOVVTAL «aladnTHPEC».
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ANV

LTATIZXTIKH ABEBAIOTHTA

[10TE VTTELCEPXETAL CTATLOTIKN ABELALOTNTA OE PLX LETPT O] PUOLKOV
ney£0ovg;

1. & @awvopeva 0Tov To 810 To cvoTNUA YapakTnpileTal amo
SLUKVUAVOELG:

* 0 xpovog NuUIwNS padLlEvEPYOU TTVPN VA

* H Staxvpavon ¢ péong 0epuokpaciog KATOLX CUYKEKPLUEVT LEPA TOV
XPOVOU

2.'0Tov 1 «avayvwon» ToV 0pYAVOU ELOAYEL TTOAVTTAOKOTN T KoLl
Ao TAOUNTOVG (XAOTIKNG CUUTIEPLPOPAS) TTAPAYOVTES:

* H mapovoia Bopufou oto onua (AX. 0€ NAEKTPOVIKE Opyava)
* H Staxvpavon otov xpovo ¢S avtidpaons Tou TapatnenT
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EEAVIAYHRIISIVIE G OAGAO
SYETHMATIKH ABEBAIOTHTA

Tt ka@opllel TNV MELPANATIKT ABELALOTNTA OE PLX LETPTOT] QUOLKOV
ney£0ovg;

* H axpiBelx Tov opyavou petpnong
* H BaBuovéunom tov opydvov pétpnong
* 0 pn améAvutog EAeyxos (1) Yvwon) TwV TEPARATIKWV CUVON KWV

H mepapatikn auty afefatdTnTa ava@EPETUL WG «GUOTNUATLK».

‘Ooeg opeg kat va etavadafoupe pla TeTola petpnorn dev eivat duvato
Va EETMTEPACOVUE TOUG TIEPLOPLOROVS QU TOVG. ATAQ eTtavaAapfdvovpe To
(8lo oaApa.
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ANV

TO 2PAAMA ANAI'NQXHXZ QY XYXTHMATIKH ABEBAIOTHTA
Tt KaOopL{EL TO CPAALA AVAYV®OTC EVOC OPYAVOV;
INa ta avadoywd opyava eEaptatal

QLo TNV ATTOOTACT AVAUECH OTIS
UTIOSLALPETELS TOV opyavou

euuvuvenvyl wn‘mu

INa ta Ym@raxd 6pyava cuviBws eival To poo
TOV TEAgLTAlOL Ym@iov.

AxpiBela opyavov givar n afeBatdtnta mov TPOKUTTEL AGYW TNG
KATQAOKELTG TOV 0pYAVOU Kol oLVIIOwE SISETAL ATTO TOV KATAOKELAOTY).

Katd kavova To 6@aipa opyavou eival HIKpOTEPO ATIO TO CQAANA AVAYVWOT)G.
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TIEIPA|

TPOIIOX TPA®HX XPAAMATQN

(tyun £ afepardomta)

G +3G =(6.673+£0.011)x10 " m°kg s

Ty (aBeparotnta)
G =6.673(11)x10 m°kg's™

ZXETIKH ABEBAIOTHTA

OX
n=—
X

ATOAUTOG aplOUOG TTOV UTIOPEL VO EKPPAOTEL KL TTOGOOTLALA.

G _0.00165 v 2C ~0.165%
G G
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SR ANN O S TATE TR
LTATIZTIKH ABEBAIOTHTA

[Tapadelypata SLakpltwv TIHWV

P{ym evog voulopatog Piym evog Laplov
W 0.25 W
o T 0.125
% 0.2F 5
S 015 s [
& Z 0075
= 0af =
- = 005
= " =
S 0.051— S 0.025
< &
£ 0 , 1 ] _ J £ 0 =
0 2 4 6 8 10 0 > 10 15 20 25
ENANAAHWEIS ENANAAHWEIS
[elpapa [elpaua
[16oeg popeg EpxeTal «ke@an» [16oeg opég epxetal «eéapa»
ot 10 pietg otis 60 plipelg
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LTATIXTIKH ABEBAIOTHTA

[MTapdderypa cvuvexovs katavouns: Kataypdagovpe ™ uéon Bepuokpacia
EVOG TOTIOV GE OUYKEKPLUEVT] NLEPOUNVIA VI UL CELPE ETWV

AmotéAsopa
NETA
amnd 70 €t

—

Al

h

-10

-5 0 5 10 °C

Metd

<{— amd amepeg
KOTOYPAPES

-10 -5 0 5 10 °C

ZUH@®WVA LLE TNV OTATLOTIKY) Bewpla, otV TO QALVOUEVO ELVAL TIPAYUATIKA
TL)OLO, I OpLOKY) KATAVOUN (LETA ATTO ATIELPES LETPT)OEL TOV (PALVOUEVOV) TIOV
Oa tpokvYPel Oa elval pa katavour) Gauss (Kavoviky) Katavoun).
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BAZIKEY BNNOLE% TN Dl
STATISTIKH ABEBAIOTHTA

Xpovog {wNnG AQUTTI|PWV TTUPAKTWOEWS
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BAYCEY BN

KANONIKH KATANOMH (Gauss)

0.4

68%

0.35 ; ‘
/1

0.25

02} /
0.15

0.05
-4 -3 -2 -l | 2 3
X—p
1 _(M—X)Z
2
e 20

=

© E. Stiliaris - UoA 2023

-19 -

H moootnta (U £ 0) pag vToSekvUeL OTL
1 TOaVOTNTA Pl HETPTIOT va BplokeTal
oto Stdotnua autod eivat 68.3 %.

H moootnta (U £ 20) poag voSekvUEL OTL
1 TOAVOTNTA Pl HETPTIOT va BplokeTal
oto Stdotnua autod ivat 95.5 %.

(Lx10): 68.30%
(L £ 20): 9545 %
(Lx30): 99.73 %
(k£ 40): 99.99%




BAZCEI BN

Fizx)

Katavoun Gauss

Wi péon T = [L=X=(X) N
0: TUTILKN 1] HECT) TETPAYWVIKTY ATOKALO] Z (X — X )2
02 : SlaoTopd _ O 6=\

OX = —— \ (N-1)

&X : oAaApa pEong Tyg — \/N
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BaslEs BUNOLB2 2Tally Tl
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SRVH RGN INO] AMHHEI

KANONIKH KATANOMH (Gauss)

0.4
0.35
0.3
0.25
0.2

0.15 )
/[ A

0.05

68%

1 _(U_X)Z

f(x)= e 20
() OV 2T
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SRVH RGN INO] AMHHEI

KANONIKH KATANOMH (Gauss)

0.4

- Amodelln
0.3 o ; I 1 ¢ (O)
A 2)72
02 S
0.15 / \ ﬂ
0.1 : : 2 2
0.05 / | 5 1 _(r/22) 1 1 _0—2
| | | e * == e
wi =3 Wk el i 2 B 4 o271 2 G\/%
X—p
c (r/2) 2
_ . 1
(M_X)z — e 20 = = (F/ZZ) — In
1 a 202 2 20
f(X) — \/7 € ﬂ
O o [[=2+/2ln20
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ISYAVM NS

Zratotikn ABeBatdTa
'Eotw o0tL petpovpe N opeg Vv (dla ToooTNnTA X KOl BPlOKOVE
TIG TIHEG X;, OTIOVL i1=1,2,..., N.

ABefaromra (Z@daAna)
Méeong Tuyug
Méom Ty .
— 2
13 > (X=x)

© E. Stiliaris - UoA 2023

i=1 - SXZ\

N(N —1)

0)

JN

Alvovpe ocav amavtnon:

(tyum) £ (aBefardomra)

(X) = (6%)




RIS EN N O S AT IR ATRIT

[Mapaderypa: Metpnon tov Bapoug B (oe N) evog cwpatog Sivel Ta
ATIOTEAECUATO TOV TIXPAKATW TIVAKAX VIO CUVOALKAX 6 PETPT)OELG:

10 8 11 12 10 9

i Bi E_Bi (E-Bi)z

1 10.0 0.0 0.0

2 8.0 +2.0 4.0

3 11.0 -1.0 1.0

4 12.0 -2.0 4.0

5 10.0 0.0 0.0

5 9.0 +1.0 1.0
>B,=600 | >(B-B,)=0.0 | ¥(B-B,f =100

N

B-B,)?

1y 1 _ Z( i 10 /3

B=—SB =-600=100 5B = | :,/ — Y2 _0.57735~0.6
NZ:‘ ' 6 N(N —1) 6-5 3

B+ 36B=10.0+0.6
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BALLCEY HNINCOIR

[Mapaderypa: Metpnon tov Bapoug B (oe N) evog cwpatog Sivel Ta
ATIOTEAECUATO TOV TIXPAKATW TIVAKAX VIO CUVOALKAX 6 PETPT)OELG:

10 8 11 12 10 9
i B, B-B, (B-B,f
1 10.0 0.0 0.0
2 8.0 +2.0 4.0
3 11.0 -1.0 1.0
4 12.0 -2.0 4.0
5 10.0 0.0 0.0
6 9.0 +1.0 1.0
> B, =600 | ¥(B-B)=00 | ¥(B-B,J =100

> (B-B))”
c=\/ \F J2 =1.4142~1.4

B+ 6§:10.0 + 0.6
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2 TATITIKO Al O P0G

[Mapdderypo: Kamolog HeTpaeL 6 (POPESG TO UNKOG EVOG AVTIKELUEVOU
Kol Bplokel TIg akoAovBeg TIpEG (oe cm):

32.6 32.6 32.6 32.5 32.6 32.6
Me Bé&on ta mponyovpeva Bploket: L =32.5833... §L=0.01713...

Kat ivel oav amotédeopa: L + 6L =32.583+ 0.017

Av 0A&c oL petproeis edwvav 32.6
ToLd Oa )TV TO GEAANA TNG HECTC TIUNG;
Mnéév;

Av T0 o@AApa avayvwaeong Tov opydavou eival 0.1cm tote
1l CWOTI ATAvVTNOoN Elvat:
L + 8L =32.60 + 0.10
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ZTPOYYVAOTIO1OT] ATIOTEAECUATOG
No amodWOETE UE OTPOYYVAOTIONOT TA TIHPAKATW TELPAUATIKA
OTIOTEAECUATA, T OTIOLOL TIPLV TNV OWOTI) EKTIUNOT TWV
ONUAVTIKWV Yn@iwv £€(ouv wG akoAoVOWG:

X OX y o0y Z 0z
1,2352 0,2436 123180 6890 0,0567 0,0168
Xx+tox=124+024
v + &y = 123000+7000
z+0z=0,057+0,017
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BIAROZH ZPAMAKTOE

'Eotw mapdywyo @uolkd peyebog u = f(x, y, z, ...), OTIOV X, Y, Z, ... Elvat ol
AUECH LETPOVUEVEG TTOCOTNTEG. ['VwpllovTag TIG HETEG TIUEG KAl TO
OPAAPATA TWV PLEYEOWV QUTWV

X,V,Z,.. K& 0X,0Y,0Z,...

LOYVEL

U=f (X,Y,2,..)

To c@d&Apa TG peong Tung du voAoyiletal pe T o Ol TWV HEPIKWV TTAPAYWY WV
NG CLUVAPTNONG U WG TTPOG TIG LETAPANTEG X, Y, Z, ..., OL OTIOLEG SOLOVV GUVTEAEOTEG
BapLTNTAG TNV TETPAYWVIKY dBpoLon TwV EMPEPOVS CPAAPATWVY (SLddoon
0@AANATOG):

ou = a—ué}i + 6_u6y + a—USZ +...
OX oy 0z
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ORI

[TAPAAEIT'MA

YToAoyLopog TG EMITAYLVVOTG o€ EVOVYPApUT, OUOAX PETABAAAOUEVT] KIVI|OT), LECW
LETPTONG TOV AVTIOTOLYOVU SLACTIHUATOS S KAl XpOvou t.

a=—

25
t2

§=(35.20+0.10)m t=(12.0£0.5)s

H péon tiun ¢ emitdyvvong a vtoAoyiletat:

q=25_2392_ 4 48888... mis?
120

To cdAua ™G peong T da vmoAoyiletal:

2
5= (@Ssj +(aa SI)
oS ot

NENE N ERNCE

To TeAk0 amotéAeoua eivat:

© E. Stiliaris - UoA 2023

a + 83 = (0.49 £+ 0.04) m/s*
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4.35.2

0. 5) =0.0407...



BIAROZH ZPAMAKTOE

O 1UTo¢ NG SLAS00MNG CPAALATOG YIA TIAP&YWYO @UOIKO pEyebog u = f(x, y, z) ¢
HOPPENG U =X y* 2’ ATTAOUCTEVETUL LLE TN XPTION] TOU GXETIKOV OQAANATOC.
EVkoAa amodeikvieTal TwG:

_ —\2 —\2 —\2
0 ) () (o2
u X Y Z

ZTO TIPONYOUUEVO TTAPASELY O TNG ETLTAXVVOTG LOXVEL SNAAdH:

_ 2 2 2 2
% _ (S_j +(zij _ (ﬂj +(2%j ~0.08338L.
a S t 35.2 12

kat kot ovvémela:  0oo=0.083381-a =0.083381-0.48888=0.0407...

LE TEALKO ATTOTEAEC U

a = 83 = (0.49 £+ 0.04) m/s*
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VIEAOO/AO XA

MéBodog Mabnpatikig
BeAtiotomoinong

To xkAaoowko mpofAnua: H BEATio evBeia IOV TIEPLYPAPEL TIELPAUATIKA
onpeia EVOS YPAUULKA EEQPTNUEVOL QUOLKOV PEYEDOUG.

AmokAlon Znpeiov

L . g 14 : YR TN SN T SN TN SN (NN SN ST SO (N S SRR WA SN SO TR S (RN S S S| Ay — yexp _ yth

26 -10 10 20 30 40 50 60
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MEODLOz, BAALIZTON TETeAlOHON

MéBodog Mabnpatikng
BeAtiotomoinong

Enidvon: EAaxlotomoinom g ouvaptnong k0otovug, 1 omoia opiletol wg To
OUVOALKO GOPOLOUA TWV TETPAYWVIKWYV ATIOKALIGEWV.

Zuvapmon Kootoug

22 =3y —y"

i i

!

min y°

AmtéxAion Znpeiov

Ay _ yexp . yth

EAaxlotomoinon tov X2
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VIEEORONEAAX

MéBodog MabBnuatikig
BeAtiotomoinong

Epomnua: INati to aBpolopa twv TETPAy®VIK®OV ATOKAICEWV;

1°¢ Maiktng

ABpolopa ATtokAicewv: 1 +1 =2

ABpolopa Tetpaywvikwv AtokAicewv: 12+ 12 =2
Kepéiler o 1°¢ Maiktng!

X

2% Taikmng
@ ABpolopa AmokAicewv: 0 +2 =2

ABpolopa Tetpaywvikwv ATokAloewv: 02 + 22 =4
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 MBGOAY

Ow ovvtedeotég A kat B ¢ BEATiom S evBeiag kabBopilovtal amo to
KPLTIPLO EAQXLOTOTIOMONG TG oLVAPTNONG XA

Y=AX+B
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WIBEOAOT BiNDL

MTtopoUpue va vtoAoyioovpe ta A kal B kat va yapd&ouvue
BEATioT gvBela

y=A+BX

OTIOV 0L 6VUVTEAEDTEG A KaL B Slvovtal amo Ti§ oxEoELS:

o2 Bt {Zo) (B

\2
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\ MEODLOz, BAALIZTON TETeAlOHON

Ta o@dApata twv A kat B (8A, §B) vrodoyilovtat:

0A

0)

OTIOV:
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VIEAD(O/A0

Evpeon twv mapapEtpwy e evbelag a katb

Epooov  f(X)=a+b-x = yx*=>

1=

N [a+bxi -, T:XZ(a,b)

H eAlaylotomoinon TG ToooTnToS ¥4, 1) ool EEapTATAL LOVO ot To a KoL b,
ETIITUYXAVETOL LE UNOEVIOUO TWV UEPLKWV TIAPAYWYWV:

A B ok (GRS 7 S B o) (GRA O RS 73

oa i=1 G, i=1 G,

5_762_0 ZN“Z[(a‘FinZ_Yi]‘Xi ~0 ZN:[(a+in)_Yi]’Xi —0

. db ) =1 G, =1 O,

J
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| WIECGOAOZ BN C

KataAnyovue €101 6TO YPOAUUIKO CUOTNUA TWV SV0 EELCWOEWY WG TPOG a Kol b:

-

i 1 ix- iy- \
ad = + pY A = Y X
2 2 2
i1 O, i-1 O, i1 O,
< e
N N 2 N
X. X XY
SIS YR st
2 2 2
| i=1 O, i=1 O, i=1 O,

J

[TapatnpoUpe WG 0L VTTELOEPYOUEVOL OUVTEAEOTEG lval abpolopata
SUVAUOCELPWV TOV X KAL POTIWYV TOV ). AV yla SLEUKOAVVGOT OPICOVE avTIoTOLX O

N yk N Ky
SK=Z—'2 ’ Wk=; '2/'

i=1 O, o

1

TOTE TO CUOTNUAX YPAPETAL:

(aS, + bS, = W,

aS, + bS,
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WIEEONCOZ |5

OLAVoELg TOV cUOTHUATOS AVTOV SLVoLV:

aS bS W) ( Wo S So W, \
o wos) L lsow,
3 P> a= S 5| b= s S -
aS, + bS, = W, o o

L Sl Sz Sl Sz )

0L 0TtolEG S(IVOULV TIG TIPONYOUUEVEG EKPPACELS YL TIG TIUEG TWV A Kol b:

BBy BB ey

EAENEY  BIBDEY

Inuelwaon: Zv mapamdve amodelln EXouv CUUTEPLANQOEL KAl TX CQAANATA TWV LETPNOEWY C;, TA
omoia ai{ovv Tov pOA0 GUVTEAECTWV BaplTNTAS GTNV CLVOALKT SLPOPPWEON TS TTOCOTNTAS X 2.
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| -l\/lE@OAOZ ISAVANG

[Mapadetypa yia Sedopéva (N=7)

25 T T T T T T
(1) (5.1 (0.4
2 6.8 0.3 2o =
3 0.1 0.5
X:=| 4 Y:=| 113 Err:=| 0.8 15 - %’
5 12.5 1.0 ; e
6 15.0 1.8 10 - @_,,.-f"
\ 7/ \17.8 ) \ 2.2 ) @.,.f""
S S ’
N (%) N ()Y '
S0 =3 - )2 LCEDYE ) 21 | | | | | | |
‘= (E‘l‘l’l) = (EH.J 0 1 2 3 4 5 [ 7
Y=a+bX
. (3@ s® oa [ VO 5 o . [ 5© VO
©Ls(1) s(2) L W(@) s(Q2) S Ls(1) w()
DA
a: 1DAL . IpB]
|DD| . |DD|
a=2.0936 b = 2.009
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ANANCY LTI

[NEIPAMA AM®IOEATPOY
Yl ToV TIpoadloplopd atadepds eAatnpilov k

INoa Soopévn pada m pétpnon g meptdodov T KAt TNG EMUNKLVVOTNG TOV EAATNPLOV AX.

T
-0.20-

-0.25+

X
AuTopaTn Tipooxpuoyn yio: Latest | ©éon
Afovag X = A*nuiTovo (sin)(Bt+C)+D

A: 0.08425 +/- 0.0002991

B: 4.621 +/- 0.002570

C: 1.405 +/- 0.007374

D:-0.2795 +/- 0.0002149

SLOXETIONOC0.9994

Méoo Tetporywvikd Sh&Aux (RMSE): 0.002132 m

-0.30+

-0.35+

T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5
4.98 Av:0.000) Y amine (=)
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AV HNTETAVATIRON METPHEEON

[IEIPAMA AM®IOEATPOY
yla Tov tpoadloplopo otabepag edatnpiov k

INa doopévn pdla m petpnomn e meplodov T Kot TG EMPUNKLVONG TOL EAaTnpiov Ax.
Kataypa@n twv tadavtwoewy yia At = 5 sec (ovvoAo 100 onpeia).

[Tpooappoyr) KUpTUANG HE TN pop@

Asin(Bt+C)+D

Nepapatika dedopéva tng 26" OktwPpiov 2023
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ANANCK el TLE IR B

[TEIPAMA AM®IOEATPOY
Yl ToV TIpoadloplopd atadepds eAatnpilov k

INa doopévn pala m petpnon ¢ meptodov T kat TG EMUNKLVOTS TOV EAaTnpiov Ax.

AAAAAN

L)
AvTtopan Tpooapuoyn yio: Latest | ©éon
AZovag X = A*nuitovo (sin)(Bt+C)+D

A 0.03092 +/- 0.0001435

B: 7.509 +/- 0.003224

C: 4508 +/- 0.009395 ‘
D: 0.0004201 +/- 0.0001020 7
SUOXETLOHOG0.9990

Méoo TeTpaywvikd ZdaAux (RMSE): 0.001012 m
-Oct-2023
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ANANEELTIB AL

[NEIPAMA AM®IOEATPOY
Yl ToV TIpoadloplopd atadepds eAatnpilov k

INa Soopévn pada m pétpnon g meptdodov T KAl TG EMUNKLVVOTNG TOV EAATNPLOV AX.

X,=0.00000 + 10* m

m (kg) 2rt/T (s1) D (m) Ax (m)

0.000 7.509 £0.003 0.00042 + 0.00010 0.00000
0.010 6.858 £ 0.003 0.02526 + 0.00012 0.02484
0.020 6.419 £ 0.004 0.05390 + 0.00017 0.05348
0.030 6.086 + 0.003 0.08161 + 0.00016 0.08119
0.050 5.535+0.003 0.13780 + 0.00015 0.13738
0.070 5.099 £ 0.003 0.19630 + 0.00018 0.19588

0.100 4.621 +0.003 0.27950 £ 0.00021 0.27908
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(0.000 )
0.010
0.020

M :=| 0.030

0.050

0.070

L 0.100

N := length (M)

ANALLZE TBIPAVIATLCON MET2HZEDI

[IEIPAMA AM®IOEATPOY

yla Tov tpoadloplopo otabepag edatnpiov k

Nopog tov Hooke: F=mg =k Ax

(0.00000 )
0.02484
0.05348

DX := | 0.08119

0.13738

0.19588

L 0.27908

u := slope(DX, F) u= 3489

F:= M-9.81

Au=0.0200

© E. Stiliaris - UoA 2023
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F =

(0.0000 )
0.0981
0.1962
0.2943
0.4905
0.6867

L 0.9810 )

v := intercept (DX, F)

v="7741x 10

Av =2.876 x 103

3



AN PAVATIRON WETPHEEONT

[IEIPAMA AM®IOEATPOY
Yl ToV TIpoadloplopd atadepds eAatnpilov k

Nopog touv Hooke: F=mg =k Ax
3

u = 3.489 v="7741x10
1
F=K Ax
F
. & »
v+u-DX 0.5
0
0 0.1 0.2 0.3
DX

© E. Stiliaris - UoA 2023 -47 -



N := length (M)

(0.000 )
0.010
0.020
0.030
0.050
0.070

L0.100 )

ANALLZE TBIPAVIATLCON MET2HZEDI

[IEIPAMA AM®IOEATPOY
yla Tov tpoadloplopo otabepag edatnpiov k

u := slope(T2p, MM)

TaAdvrwon EAampiov: T = 2m (m/k)/?

6.858
6.419

=] 6.086

5.535
5.099

u= 3472
Au =0.039

© E. Stiliaris - UoA 2023

(7509 )

| 4.621

MO := 0.000

v := intercept (T2p , MM)

v = —-0.063
Av=0.001233
-48 -

0.0213
0.0243
0.0270
0.0326
0.0385

(0.0177 )

\ 0.0468 |

MM =

(0.000 )
0.010
0.020
0.030
0.050
0.070

\ 0.100 )




ANALLZE TBIPAVIATLCON MET2HZEDI

[IEIPAMA AM®IOEATPOY
yla Tov tpoadloplopo otabepag edatnpiov k

TaAdvtwon EAampiov: T = 2w (m/k)1/2

u= 3472 v = —0.063
0.14
T2p - (T/2m)? (11 T 2
m=k| —
21
MM 0.08
s s @
v+u-T2p
0.05
0.02
-0.01
0.01 0.018 0.026 0.034 0.042 0.05

T2
© E. Stiliaris - UoA 2023 -49 - p



AN PAVATIRON WETPHEEONT

[IEIPAMA AM®IOEATPOY
Yl ToV TIpoadloplopd atadepds eAatnpilov k

Telika amoteAéopata He avaAvoT EAQXIOTWY TETPAYWV®WV

Nopog touv Hooke

F=kAx

|

k =(3.489+0.020) N/m

TaAdavtwon EAatnpiov

3]
ﬂ

© E. Stiliaris - UoA 2023
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ANV BT AVATTRON M TP EON

[IEIPAMA AM®IOEATPOY
yla Tov tpoadloplopo otabepag edatnpiov k

[Twg cvvoyifovtal Ta SU0 AVTA ATTOTEAECUATA OE€ UL ATIAVTNOT);
(ZUYKEPAOUOG ATIOTEAECUATWV)

Nopog touv Hooke TaAdavtwon EAatnpiov
k=(3.48910.020) N/m k=(3.47+0.04) N/m

MeBodooyia: Ztabulopévos u€cog Opog Ue cUVTEAECTAES BapOTNTOG

1 1 1

W, =
1 2 2 2
AX] AX, AX Y
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ANARCHEL TIEIPAI

[NEIPAMA AM®IOEATPOY
Yl ToV TIpoadloplopd atadepds eAatnpilov k

[Twg cvvoyifovtal Ta SU0 AVTA ATTOTEAECUATA OE€ UL ATIAVTNOT);
(ZUYKEPAOUOG ATIOTEAECUATWV)

Ndpog tov Hooke

k=(3.489+0.020) N/m

TaAdavtwon EAatnpiov
k=(3.47£0.04) N/m

MeBodooyia: Ztabulopévos u€cog Opog Ue cUVTEAECTAES BapOTNTOG

W, =~ —2500 W,=— =~ 625
0.020 Ax?  0.04
N
2WiXi 00 24804 625.3.47 1 1
x= - ' A _34852 Ax= |- =\/ —0.017889
2500+ 625 2500+ 625
ZWi ZWi
i=1 i=1
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ANALLZE TBIPAVIATLCON MET2HZEDI

[IEIPAMA AM®IOEATPOY
yla Tov tpoadloplopo otabepag edatnpiov k

[Twg cvvoyifovtal Ta SU0 AVTA ATTOTEAECUATA OE€ UL ATIAVTNOT);
(ZUYKEPAOUOG ATIOTEAECUATWV)

Nopog tov Hooke TaAdavtwon EAatnpiov
k=(3.489+0.020) N/m k=(3.47£0.04) N/m

MeBodooyia: Ztabulopévos u€cog Opog Ue cUVTEAECTAES BapOTNTOG

TeAwco amotéAeopa GUYKEPAGUOU TWV VO PETPICEWV:

k = (3.485+0.018) N/m
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INSEANEANVIE

METPHXEIX ME XPHXH BEPNIEPOY

Pierre Vernier (1580-1637)

—

\*@ Haxf) netpo 1) Arxotnpopetpo (Akpifetag 0.05mm)

XpnowomomOnKe apy K yLo Tn LETPNOT UNKWV UE HEYAAVTEPT) akplBeLa.
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@ ®)

) c'||||||||||||,,Jf“,-“ﬂ"f',“?’,,2|,, """"'J""""'""'LI"""""""LI"""""""'.J"="
O TEWE 1 2 3 4 ) 6 7 8 9 a 1 3 4 6 7 cm
Dbl b g e O

— @7 |/ ® ® @

* ‘Exeldvo kAlpaxes: otabepn) (4) kot kivnt (6) (Bepviepov).

o Twotav apyika vodlaipeon ™S KALOKAS TOL BEPVIEPOV WOTE VX
avtiotolovv 10 vtodialpeaelg Tov o€ 9 ™S kKupiag KAlpakas. Auto
£SLVE TN SuvaToTTA va EKTLUNOEL pE dveon KAAoua TGS Kuplag
KAlpaxag pe axpifewa 1/10.

« ZInuepa otvmodilalpeoels yivovtat oto 1/20 (0.05 akpifea) ko
UTIAPXOVV KL O€ AAAEG LETPY)OELS TL.Y. YWVLWOV.
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Aoxnomn A6

—
——

[l

Muwpopetpo

(0,01mm)

——

(RRAN
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(6,50 +0,15)=6,65mm

6,00 mm 6,50 mm
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